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ABSTRACT 

The effective performance of modular thrusters in an aerospike configuration is 
difficult to determine. Standard analytical tools are applicable to conventional nozzle 
shapes, but are limited when applied to an aerospike nozzle (An aerospike nozzle is 
an altitude compensating external nozzle). Three baseline nozzle shapes are derived 
using standard analytical procedures. The baseline nozzles sizes are restricted to fill 
a volume envelope. The three shapes are an axi-symmetric round nozzle, a 2D planar 
square exit nozzle, and a super elliptic round to nearly square nozzle. The integrated 
(thruster /aerospike) performance of the three nozzles is determined through the use of 
3-D viscous CFD calculations where complex features of the flowfield can be 
accurately captured. The resulting installed performance is then used to evaluate the 
efficiency of these nozzle shapes for aerospike applications. 

The determination of effective performance of a thruster nozzle integrated into 
an aerospike nozzle requires the solution of the three dimensional turbulent Navier- 
Stokes equations. The model used in this study consisted of two zones; one of the 
upstream thruster cowl surface so freestream conditions can be accurately predicted, 
and two, the aerospike surface beginning with with thruster outflow and extending to 
the end of the aerospike surface. The numerical grid consisted of over 120,000 nodes 
and used symmetry on the thruster centerline and edge. A two species non-reacting 
chemistry model was used to capture the variation of fluid properties between the hot 
plume gas and freestream air. 

From the results of the three baseline nozzle aerospike calculations, the 
effective performance of the nozzle was determined. The flowfield of these 
calculations do show some variation between the cases. Recirculation zones on the 
cowl surface is predicted for the 2D planar nozzle and a smaller one for the super 
elliptic nozzle. The recirculation is caused by the strong pressure gradient between 
the plume and freestream flows. The axi-symmetric nozzle results indicates 
recirculation zones on the thruster face. These recirculation zones smooth the 
pressure gradient between the plume and freestream flow limiting the formation of 
recirculation on the cowl surface. Thruster to thruster interaction is evident for the axi- 
symmetric and super elliptic calculation while the 2D planar nozzle did not have any 
lateral expansion in the nozzle so thruster to thruster interaction is limited. The 
integrated performance results, at the altitude choosen, shows very little variation 
between the three thruster shapes. This result allows for nozzle shape determination 
to based on additional considerations (thermal, structural, weight) besides 
performance. 
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BASELINE COMPARISONS 
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BASELINE NOZZLE DEFINITIONS 
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BASELINE NOZZLE DESIGNS 
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BASELINE COMPARISONS 

BASELINE NOZZLE AND ANALYTICAL METHOD COMPARISON 
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BASELINE COMPARISONS 

3-D CFD MODEL 
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GEOMETRY OF INTEGRATED THRUST CELL MODEL 
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THRUST CELL TECHNOLOGIES: INTEGRATED THRUST CELL / AEROSPIKE ANALYSIS 
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RED: PLUME FLOW 
LIGHT BLUE: FREESTREAM FLOW 

: RECIRCULATION FLOW 
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BASELINE COMPARISONS 

INSTALLED BASELINE NOZZLE / AEROSPIKE PERFORMANCE 
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BASELINE COMPARISONS 

TASK CONCLUSIONS 
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